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Considerable attention has been devoted to determination of the critical thermal maximum ( CTM) of amphibians and reptiles in recent years, but little information
has been reported in connection with the behavior exhibited by these animals before the CTM is reached.
Zweifel (1957) reported the behavior of salamanders in
association with determination of the critical thermal
maximum.

Mellanby (1940) indicated that behavior of

insects and amphibians was determined by the way temperature altered the nature of the protoplasm .

McFarland

(1955) reported that salamanders exhibited a characteristic pattern of behavior when exposed to temperature near the lethal level.
Cowles and Bogart (1944) while working with the
thermal requirements of reptiles as well as Hutchinson

(1961) defined the criteria for determinin g the critical
maximum temperature.

All of these workers have pro-

vided information that has enabled this study to proceed with some criteria for measurin g the critical
thermal maximum in Rana oipiens and Rana catesbeiana
and their associated behavior.

This paper is con-

cerned with the general comparative behavior of these
common anuran amphibians exposed to temperatures that
will cause the animal to exhibit behavioral death which
is basically an inability to react to the environment .
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The species of frogs used in this experiment were
Rana pipiens, obtained from Hoffman and Son of Oshkosh,
Wisconsin, and Rana catesbeiana, collected in Coles
County near Charleston, Illinois.
METHODS
The experimental desi g n was patterned after Brattstrom's
(1961) method.

The fro g was placed in a stoneware crock

with a diameter of ten inches.

250 cc. of water, or about

3/8 of an inch, covered the bottom of the container.

The

heat source consisted of a 250 watt infra-red lamp with a
reflector positioned twelve inches from the surface of the
table.

Temperatures were recorded by a telethermometer

manufactured by Yellow Springs Instrument Company, Model 43TB1.
Fro g s were taken from a holding aquarium and their
body temperature was recorded by placing the tip of the
telethermometer into the cloaca of the fro g .

The water

temperature was taken by placing the tip of the instrument
in the water and allowing it to remain there until the
fro g exhibited behavioral death.

When the fro g was placed

in the container, the container was positioned under the
lamp , and the time was recorded.

When easily identifiable

patterns of behavior were exhibited by the fro g under the
heat source, the temperature of the water was recorded.
For this study four distinct p atterns were recorded
for all animals tested.

After being placed in the con-

tainer, the fro g would orient itself in relation to its
surrounding s.

As the temp erature rose, the fro g would

exhibit the first identifiable pattern, which was the
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escape pattern .

During the second pattern the frog

exhibited violent uncoordinated thrashing of the hind
legs .

The third major patters was a violent trembling

and spasmodic activity of the frog .
followed immediately .

The fourth pattern

This consisted of the absence of

spasms of the frog and no response to probing by the
investigator .

At this point the water temperature was

recorded for the fourth time and the cloacal temperature
of the frog was taken .

The frog was then weighed and

placed in a container of water at room temoerature where
recovery occurred .

Although the frogs to be tested were

stored in a cold room at a temperature of 7° to 10°C ., they
were allowed to acclimatize to room temperature for a minimum of two hours before testing was begun .

Mellanby (1940)

reported that Rana temporaria and Salamandra salamandra
assumed a body temperature corresponding to their surroundings within fifteen minutes , so the two - hour minimum
allowed for the frogs should have been sufficient for
acclimatization .
The criteria for identifying the various behaviors
have been established by several authors .

Cowles (1944)

used the term maximum voluntary tolerance temperature to
describe the behavior
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the animal when it retires to

shade or retreats and is heralded by an increasingly
noticeable photophobic reaction on the part of diurnal
species .

The critical maximum temperature was defined

by Cowles (1944) as " the thermal ooint at which the
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locomotory activity becomes disorganized and the animal
loses its ability to escape from conditions that will
promptly lead to its death .

Recovery from this in-

capacitation is the criterion for determining whether
or not the animal has been exposed .to unnecessarily
high temperatures ."

From the ecological viewpoint ,

it is the lethal temperature .

Hutchinson (1961) defined

the critical thermal maximum (or minimum) as " the
arithmetic mean of the collective thermal points at which
locomotor activities become disorganized and the animals
lose their ability to escape from conditions that will
probably lead to their deaths . "

In this investigation

the CTM was determined by taking the frogs ' cloacal
temperature after body spasms had ceased .

This was done

as quickly as possible because allowing the frog to
remain in the heat past this point would result in
physiological death .

The lethal temperature was defined

by Cowles (1944) as "the high temperature that produces
irreversible and fatal body damage . "
RESULTS AND DISCUSSION
The most obvious results from this series of experiments indicate that the Rana pipiens follow a very rigid
sequence in relation to approaching and passing the CTM .
However, each of the sequences did exhibit variation
in behavior in some degree .

The most widely varied
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pattern of behavior was exhibited during the escape
reactions.

After the animal was placed in the container

under the lamp, it usually remained in position or
sometimes it would orient into a different position .
Very seldom did the frog attempt to jump from the container
during this initial phase .

As the temperature began to

rise, the frog would attempt to move away from the heat
source.

This usually involved moving around the edge

of the bottom, climbing the sides, and attempting to jump
from the container.

Many times the frog would lift the

head as if sighting over the edge of the container, and
this was usually followed by an attempt to jump out.
As the temperature increased, the frog exhibited frantic
activity in attempting to escape from the container.
All of these activities required complete bodily coordination.

Cowles (1944) used the term maximum voluntary

tolerance temperature to describe similar behavior in
desert reptiles.
As the temperature continued to increase, the second
major pattern was exhibited.

The frog usually was in a

prone position and was no longer supported by the front
limbs.

In fact, the loss of the use of the front limbs

was characteristic of all frogs tested.

The hind limbs

did not support the frog, but were still quite active.
This behavior involved violent, 'Uncoordinated thrashing
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of the hind limbs .

In several instances this uncoordinated

activity would result in the frog being turned over on
its back and being unable to right itself .

Another

feature exhibited by the frogs was the retraction of the
eyeballs and the closing of the eyelids .

In the frogs

tested the disruption of the muscular coordination ap peared at the forelimbs and proceeded to the hind limbs .
Hutchinson (1961) found in the Dremictylus salamanders
the loss of muscular coordination appeared posteriorly
with loss of coordination of rear limbs and proceeded
anteriorly .
After the uncoordinated thrashing stopped , the Rana
pipiens then went into muscular spasms with the body
extended and the legs straightened and pointed to the
rear .

The jaws opened widely and the tongue protruded

from the mouth .

Hutchinson (1961) reported basically

the same pattern in salamanders with the spasms lasting
between ten to forty seconds .

McFarland (1955) reported

that at 38°c . the salamander, Taricha torosa, exhibited
a gaping action of the mouth .
After the spasm ceased the Rana pipiens did not
respond to probing or any mechanical stimulus .

They were

completely motionless in the testing container and did
not respond until placed in a container of water at room
temperature .

Some recovered more quickly than others,

but the greatest number would become active again within
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five minutes.
In the case of Rana catesbeiana the basic sequence
was repeated with one major difference.

In most of the

frogs tested the spasmodic muscular contractions that
were invariably recorded in Rana pipiens did not occur
in as great a frequency in the Bullfrogs.

Only two of

the sample exhibited these spasms in the container, and
these spasms occurred at basically the same temperature
as did the similar response in the Leopard Frog.

When

these spasms did occur, they were not as active as in
Rana pipiens.

On three occasions the spasmodic muscular

contractions occurred only after insertion of the probe
of the telethermometer into the cloaca of the frog.
The general behavior of Rana pipiens and Rana
catesbeiana can be compared to salamanders exposed to
similar conditions.

Zweifel (1957) found in Desmognathus

species that the animals swim actively for a few moments
and then settle to the bottom of the container.

Oc-

casional swimming interspersed with periods of reduced
activity take place for the next few minutes.

As the

water temperature reaches an uncomfortable level, the
duration and the speeds of swimming are increased.

The

first indication of heat damage is a delay in the animal's
righting response, so that upon sinking to the bottom after
a period of swimming, the salamander may rest upon its
back for a time before righting itself.

Soon thereafter

the swimming motions, previously well-directed and coordi-
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nated even when rapid and frantic , become spasmodic and
ineffective .

Violent spasms ensue , followed by a stage

in which the animal lies on its back and twitches .
Behavioral death soon follows .

An animal removed to

cooler surroundings as late as the establishment of
behavioral death can be expected to survive , but a
delay much past this point is fatal .

These findings are

essentially those that occur in Rana pipiens and Rana
catesbeiana .
It should be noted that the temperatures at which
these characteristic responses occur can vary because
of previous acclimatization .

McFarland (1955) reported

that in Bufo terrestris tadpoles the upper letha l temperature depends on the temperature of acclimatization as
groups raised at 15°C . and 25°c . had average upper lethal
temperatures of 40 . 3°C . and 43 . 5°c . respectively .

In

·general the lower the acclimatization temperature, the
lower the upper lethal temperature .

He also indicated

that the behavior of the variously acclimated groups
when introduced into the lethal temperature indicates
that the cause of death is similar in all .

The behavioral

reactions varied somewhat, but merely in degree ; death
was always preceded

by rigor .

Other factors that could influence differences in
temperatures at which certain behavioral patterns occur
have been mentioned by Bullock (1955) .

He reports that

10

several species of the genus Rana could be arranged in a
series such that the more northern-rang ing breed earlier
at a given latitude, develop faster, have lower temperature coefficients and limits of heat tolerance.

The

same is true of latitudinally separated populations of
a wide ranging species such as Rana pipiens.

More

stenotopic species like Rana catesbeiana and Rana clamitans
do not show such physiolo gical differentiation among
their populations.
Table 1 indicates that the mean temperatures at
which Rana pipiens and Rana catesbeiana exhibited the
four patterns of behavior are basically the same.

Even

thou gh Rana catesbeiana did not exhibit body tremors
in the majority of cases, the two individuals that did
exhibit tremors did so at nearly the same temperature
as Rana pipiens.

The mean temperature at which the two

species exhibited escape patterns were within one de gree
of each other as was the point at which uncoordinated
muscular movement was initiated.

The mean critical

maximum temperature was identical for both species.
However, the range of temperatures at which various
reactions were elicited indicates that individuals are
not going to react in exactly the same manner, but the
samole number does show that there is a common point
around which these values fluctuate.
Many other conditions could be taken into account
in a study of this type.

Hutchinson (1961) indicated
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that the following could be considered :
1.

Time of year and locality at which animals
were collected .

2.

Time and temperature of acclimatization .

3.

Conditions of lighting during acclimatization
and test period .

4.

Nature of diet .

5.

Size .

6.

Sex .

7.

Age and stage of life history .

8.

Degree of desiccation or hydration .

9.

Breeding condition where this varies seasonally .

Not all of these conditions may be important in thermal
relations of a species under study , but they should be
stated whenever possible unless they are investigated
and shown to be unimportant .

The results of this study

have not taken into consideration all of these variables ,
because of the preliminary nature of this study , and the
results should be evaluated with these factors in mind .

12
TABLE 1. Comparative Record of
Rana pipiens and Rana catesbeiana

Rana pip iens
Mean

Range

Rana catesbeiana
Mean

Range

Body weight

40 . 5g .

27°-56°4 g .

41 . 6 g .

25 . 5- 67g .

Initial water
temperature

26 . 5°C .

22°-29°C .

27 . 5°C .

23°-29 . 5°C

Initial body
temperature

26°c

22°-28 . 5°c

25 . 5°C .

29.5°-39.5°C.

Escape reactions
( Water temperature) 32°C .

29°-37°C .

31°C .

29 . 5° - 34 . 5°C .

Uncoordinated
Muscle movement
( Water temperature) 3 6°C .

35°-39°C .

37°C .

34 . 5°-39°C .

Spasmodic
Muscle movement
(Water temperature) 38°c .

36 . 5° - 4o 0 c

Behavioral death
( Water temperature

39°C .

38°-41°C .

39°C.

38° - 40°C .

38°c .

36 . 5°-40°C

38°c .

36 . 5°-39 . 5°C .

Body temperature
at upper
critical maximum
Time required
Number in sample

*

*

8+ minutes
47

*

7-8 minutes
19

Exhibited by two of the Rana catesbeiana
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